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We analyze the influence of a meson exchange on the main nonmesonic hypernuclear weak decay 
observables: the total rate, Fjvm, the neutron-to-proton branching ratio, T n / p , and the proton 
asymmetry parameter, a a- The a meson exchange is added to the standard strangeness-changing 
weak AN — > NN transition potential, which includes the exchange of the complete pseudoscalar and 
vector mesons octet (n, n, K, p, u), K*). Using a shell model formalism, the a meson weak coupling 
constants are adjusted to reproduce the recent Tnm and Y n / p experimental data for \He. Numerical 
results for the remaining observables of \He and all the observables of A 2 C decays are presented. 
They clearly show that the addition of the a meson, in spite of improving some observables values, 
is not enough to reproduce simultaneously all the measurements, and the puzzle posed by the 
experimental data remains unexplained. 
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The free decay of a A hyperon occurs almost exclu- 
sively through the mesonic mode, A — ► irN, emerging 
the nucleon with a momentum of about 100 MeV/c. In- 
side the nuclear medium (pp ~ 270 MeV/c) this mode 
is Pauli blocked and, for all but the lightest A hy- 
pernuclei (A > 5), the weak decay is dominated by 
the nonmesonic channel, AiV — > NN, with enough ki- 
netic energy to put the two emitted nucleons above the 
Fermi surface. The nonmesonic hypernuclear weak decay 
(NMHWD) offers us a very unique opportunity to in- 
vestigate strangeness changing weak interaction between 
hadrons. The NMHWD transitions receive contributions 
either from neutrons (An — > nn) and protons (Ap — > np), 
with rates T n and T p , respectively (Fnm — r„ + T p , 
r n / p = r„/r p ). Over last three decades a huge theoreti- 
cal and experimental efforts have been invested to solve 
an interesting puzzle: the impossibility of the theoreti- 
cal models in reproducing at the same time experimental 
values of T n / p and a a ■ 

From the experimental side there is actually an intense 
activity, as can be seen in the light of the experiments 
under way and/or planned at KEK yLj, FINUDA and 
BNL [3j . The preliminary results give a T n / p ratio value 
very close to 0.5 [H 0. El and the measurements of a a 
favour a negative value for \ 2 C and a positive value for 
\He [a, B LJ> B 13 • On the other hand, from the pioneer- 
ing work of Block and Dalitz E3 there has been many 
theoretical attempts dedicated to solve the puzzle. The 
earlier studies were based on the simplest model of the 
virtual pion exchange [Tl| . This model naturally explains 
the long range part of the two body interaction, and re- 
produces reasonably well the total decay rate but badly 
fails in reproducing the other observables. In order to get 
a better description about short range part of the inter- 
action it has been introduced via: (i) models which in- 
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elude exchange of different combinations of other heavier 
mesons, like n, K, p, ui and K* E3~EEk (ii) analysis of 
two nucleon stimulated process ANN — > NNN |2(J, [21| ; 
(iii) inclusion of interaction terms that violate the isospin 
AT = 1/2 rule [I2]-[2i|; (iv) description of the short 
range baryon-baryon interaction in terms of quark de- 
grees of freedom [251 |2?| ; (v) correlated (in the form of 
a and p mesons) and uncorrelated two-pion exchanges 
E3 — E3I - We emphasize that none of these models give a 
fully satisfactory description of all the NMHWD observ- 
ables simultaneously, in spite that consistent (though not 
sufficient) increase of T n / p have been found. Only Jun 
[24j was able so far to reproduce well the T nm and T n / p 
(but not a \) data employing, in addition to the one- 
pion exchange, an entirely phenomenological four-baryon 
point interaction for the short range part, including the 
AT = 3/2 contribution as well, and fixing the model cou- 
pling constants. Concerning the proton asymmetry pa- 
rameter a \, all existing calculations based on strict one- 
meson exchange models O EE EE EE EE 113, 111 
find values between —0.73 and —0.19 for \He I33L l34| 

very 

A recent attempt |34| to explain 
these discrepancies with the experimental data by means 
of the FSI effect has failed because, in spite of attenuat- 
ing the oa value, its effect does not reverse the sign of the 
parameter. Only two recent theoretical calculations show 
some agreement with the experimental data: (i) a first 
application of effective field theory (EFT) to nonmesonic 
decay |35| , and (ii) a very recent extension of the direct- 
quark interaction model to include a meson exchange 
30] . However, in both cases, a nuclear matter formalism 
(which does not includes the full contribution of transi- 
tions coming from nucleon states beyond the s-shell) is 
used, and could give therefore a limited description for 
p-shell hypernuclei or, even worse, for heavier ones. 

The EFT approach from Ref. (35| suggests, in order to 
reproduce the NMHWD data, that the microscopic mod- 
els should be supplemented by isospin and spin indepen- 



and, when results are available in the same model 
similar values for \ 2 C 



2 



dent central interactions. Motivated by this fact and to 
set a more detailed description than previous calculations 
in nuclear matter [20], we analyze the influence of the 
scalar-isoscalar a meson exchange over the NMHWD. Wc 
will work within the shell model (SM) formalism devel- 
oped in Refs. which explicitly includes the con- 
tribution of transitions originated from states beyond the 
s-shell. Therefore, within our model the a meson is added 
to the standard strangeness-changing weak AN — > NN 
transition potential already including the exchange of the 
complete pseudoscalar and vector mesons octet (jr, rj, K , 
p, u, K*). This model will be referenced as OCT + S, to 
differentiate with our previous ir + i] + K + p + u> + K* 
model, designed as OCT. 

For the pseudoscalar and vector mesons octet, the weak 
(W) and a strong (S) vertices in the AN — > NN decay 
will be described by means of the same interaction Hamil- 
tonians given in Ref. |l5j| . as it has just been adopted in 
Refs. QjJ-pjl. This lead to the OCT exchange potential 
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with Vi (r) defined in Ref. |T^. In this equation wc 
have neglected all kinematical and first-order nonlocality 
corrections because, as it has been extensively discussed 
in Ref. > although their effects can be very important 
for particular transitions, they do not affect too much 
the main decay observables. For the a meson we assume 
weak (W) and strong (S) coupling Hamiltonians of the 
form (113, Eq. (17)) 



n: Na = G F p 2 J N (A„+B al5 ) 



IpA, 



(2) 



where ip N and ipA are the baryon fields, 4> a is the me- 
son field, and A a and B a are the weak parity conserving 
(PC) and parity violating (PV) coupling constants, re- 
spectively, which will be considered as adjustable param- 
eters of the model. For the strong coupling constant we 
will assume the value g NNtT — 9nnk = 13.3. The resulting 
nonrelativistic one-sigma-exchange potential is 



K(r) = G F p\g h 



B 



(3) 

where fi a is the a meson mass, M — (Ma + M)/2 with 
M and Ma being the nucleon and A masses, respectively, 
and all the remaining notation has the same meaning as 
in Ref. [la. Thus, we have 



V 



OCT+S I 



(r) = V OCT (r)+V„(r). 



(4) 



Using the SM formalism developed in Refs. 0,0] we 
evaluate the partial neutron T n and proton T p induced 
decay rates for \He. We include finite nucleon size effect 
and short range correlations following Ref. [l7| , and use 



TABLE I: Parity conserving and parity violating constants 
for neutron and proton NMHWD rates of \He. 







\i a [MeVJ 






oou 


OOU 


7^n 
/ ou 


a n 


u.uuyo 


n nn^9 
u.uuoz 


n nm n 
u.uuiu 


On 


l.UoUO 




Q A 1 A 1 
0.4141 


r PC 


u.uuuu 


n nnnn 
u.uuuu 


n nnnn 
u.uuuu 


n PV 




n nnns 

U.UUUo 


n nnn^ 

U.UUUO 


b pv 


7.3380 


12.0755 


21.0396 


c PV 


0.0508 


0.0508 


0.0509 


a PC 


0.0192 


0.0064 


0.0019 


b PC 


1.3623 


2.3588 


4.2979 


c PC 


0.1422 


0.1422 


0.1421 


a PV 


0.0014 


0.0005 


0.0002 


b PV 


12.4826 


20.5396 


35.8000 


c PV 


0.1398 


0.1398 


0.1399 



a cutoff value = 1200 McV for the a meson. The 
partial decay rates read 



r, = ar(A a -b™y+cr+af v (B a -br Y+^ v , (5) 

where i = n,p and the coefficients of , bf and cf (which 
come from SM matrix elements involving the a exchange) 
are listed in Table [I]for different values of the a meson 
mass. Solving now the equations system obtained fix- 
ing T n + T p and Tn/T p to the \He experimental central 
values from Ref. |ej (shown in Table HTJ) we obtain the 
following two sets of solutions for A a and B a : 



A a 


= 0.67, B a = 13.39 and A a 


= 2.08, B a 


= 13.08, 


for p a 


= 550 MeV, 






A. 


= 1.16, B a = 22.03 and A a 


= 3.60, B a 


= 21.52, 


for \x a 


= 650 MeV and 






A. 


= 2.12, B a = 38.39 and A a 


= 6.56, B a 


= 37.50, 


for p a 


= 750 MeV, respectively. 







TABLE II: Experimental data for the NMHWD of \He and 
fC (total width is in units of T = 2.50 x 10" 6 eV). 



Observable 



T NM 0.424 ± 0.024 [6J 

0.41 ±0.14 [36] 

T n/p 0.39 ±0.11 [4] 

(0.45 -0.51) ±0.15 [5] 
0.45 ±0.11 ±0.03 [£] 
0.93 ±0.55 [36] 



0.940 ± 0.035 [6J 
1.14 ±0.2 [36] 



0.87 ±0.09 ±0.21 [5J 
0.56 ±0.12 ±0.04 [6J 
1-33±°;|? [361 



a A 0.07 ± 0.08^ m f5] 

0.11 ±0.08 ±0.04 [6, 7] 
0.24 ± 0.22 [9J 



-0.24 ± Q.2V%m f5] 
-0.20 ± 0.26 ± 0.04 [6, 7] 
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Following, we evaluate oa for \He using the SM for- 



malism recently developed in Ref. [19|. We get 
{k x A a B a + k 2 A a + k 3 B a + fc 4 )/r p , 



OA 



(6) 



where the constants fc$ (containing the SM information) 
will be given below for a particular value of the a meson 
mass. Numerical results obtained with the fixed values 
of the weak coupling constants have been collected in 
Table IIIII together with the predicted values of all the 
observables for the p-shell A 2 C hypernucleus. 



TABLE III: Hypernuclear weak decay observables for the two 
sets of coupling constants, for each n a (Tnm is given in units 
of To = 2.50 x 10" 6 eV). 
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-0.362 
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0.435 


-0.348 
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1.16 


22.03 


0.424 


0.450 


-0.326 


0.771 


0.421 


-0.323 


650 


3.60 


21.52 


0.424 


0.450 


-0.362 


0.786 


0.428 


-0.344 


750 


2.12 


38.39 


0.424 


0.450 


-0.326 


0.767 0.416 


-0.324 


750 


6.56 


37.50 


0.424 


0.450 


-0.362 


0.780 


0.423 


-0.342 



They clearly show that our results are not sensible 
to the particular /i CT , A a and B a selected set, because 
in all cases our OCT + S model predicts the values 
ax{\He) ~ -0.34, T NM {^C) ~ 0.78, r„ /p ( A 2 C) ~ 0.43 
and a A ( A 2 C) ~ —0.33. This evidences the fact that these 
three variables are strongly correlated between them and 
shows the stability of our results, as was the case with 
the inclusion of the a meson in ttN scattering calcula- 
tions [3^]. A straightforward comparison of OCT + S 
results with the OCT ones shows that the inclusion of 
the a meson reduces the results for Tnm by ~ 40 %. In 
addition, the neutron to proton branching ratio T n / p is 
increased ~ 36 %. These last two effects are obtained 
since the a meson strongly reduces the PV contribution 
of the proton induced decay, as can be seen from Eq. (JSJ) 
and from the fact that B a ~ bp . This effect can also 
be observed from Table ITVl 



TABLE IV: Comparison of partial rates contributions within 
OCT and OCT+S models for fj,„ = 550 MeV, A a = 0.67 and 
B a = 13.39 (in units of T = 2.50 x 10~ 6 eV). 
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1 n 


r PV 
1 n 


1 V 


1 p 


IHe 


OCT 
OCT+S 


0.011 
0.002 


0.167 
0.130 


0.178 
0.151 


0.364 
0.141 


A ^ 


OCT 
OCT+S 


0.024 0.222 
0.005 0.227 


0.296 
0.251 


0.624 
0.293 



However, in spite this meson helps to bring near zero 
the asymmetry a a (increasing it ~ 35 %), its effect is not 
enough to reverse the sign of the parameter, as required 
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FIG. 1: B a dependence of the \He decay observables, for 
some particular fixed values of A a and for \i a = 550 MeV. 
The shaded region stands for the experimental values with 
error bars. 



in the case of %He hypernucleus. This can be understood 
noting that, for example for fi a = 550 MeV, we have 
ki = -0.010, k 2 = 0.127, fc 3 = 0.014 and k 4 = -0.275. 
Thus, the strong B a and weak A a coupling constants 
required to increase the T n / p ratio, makes not possible 
to reverse the oa sign, at least within the implemented 
hypernuclear model. For the p-shell A 2 C hypernucleus 
our result is consistent with the experimental data, which 
have large error bars. 

In order to illustrate the A a and B a dependence of the 
NMHWD observables, we present in Fig. ^ our results 
for \He 7 using fi a = 550 MeV. This fi gure shows that 
within our OCT + S model a bigger value for A a and a 
smaller for B a are necessary for reversing the asymmetry 
sign; however, this leads to overestimate the total rate 
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Tjstm and strongly underestimate the ratio T n / p . Thus, 
the OCT + S model implemented with the SM formalism 
shows that the inclusion of the a meson is not enough 
to reproduce simultaneously all the data, specially the 
positive proton asymmetry value for \He. 

Summarizing, we have made an analysis of the a meson 
contribution to the NMHWD observables in the frame- 
work of a SM formalism which includes care- 
fully the effect of the p-shell state decays, both in the 
partial decay rates as in the asymmetry parameter eval- 
uation. From our results we conclude that, in spite that 
the a meson contributes reducing the total decay width 
r^v m and increasing the neutron to proton branching ra- 
tio r„/ p , it is not enough to reproduce the more recent 
experimental data on the asymmetry. In fact, in the case 
of the s-shell \He hypernucleus, is not possible to reverse 
the sign of a a, while for the p-shell \ 2 C hypernucleus we 
have obtained a better agreement. Another remarkable 
characteristic shown by our results is to corroborate the 
theoretical expectation that a\ should have only a mod- 
erate dependence on the particular hypernucleus consid- 



ered, as can be seen from Table IIIII We suggest two 
possible alternatives for future work: (i) additional de- 
grees of freedom should be added in our SM formalism to 
improve the description of the experimental data, for ex- 
ample AI = 3/2 contributions in the same footing of Ref. 
|3(1 | (but now in a finite nucleus scheme) where a better 
agreement has been obtained for \He; (ii) to introduce 
a different decay mechanism for s and p-shell hypernu- 
clei, beyond the Born approximation. Finally, in spite 
of the uncertainties on the a meson properties, from the 
results presented in Table ITTT1 we have observed that our 
results are almost independent of the particular choice 
for the a mass, and we have clearly shown that the ef- 
fects of an isoscalar central spin-independent interaction 
included through the a meson would not be enough to 
reproduce simultaneously all the NMHWD observables, 
without additional changes in the nuclear model and/or 
the decay mechanism. 
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